Background: People with obesity and/or the metabolic syndrome have an increased risk for developing diabetes and cardiovascular disease and may have low adiponectin levels. The obesity associated with Prader-Willi syndrome (PWS) would be expected to have similar complications. However, it was recently reported that, despite their adiposity, people with PWS have reduced visceral fat and are less likely to develop diabetes mellitus or the metabolic syndrome compared with people with simple obesity. Objective: To determine if plasma adiponectin levels and other variables relevant to diabetes and cardiovascular risk are different in a cohort of PWS subjects with known genetic subtypes compared with age-, sex-and weight-matched control subjects. Results: Fasting plasma glucose, C-peptide, triglycerides, leptin and cholesterol levels were similar in PWS and obese subjects. Our 20 PWS subjects (mean age ¼ 27.7 years) had higher percent body fat (54.1 vs 48.5%) determined by DEXA measurements and lower percent lean mass (45.9 vs 51.5%) compared with 14 obese controls (mean age ¼ 26.9 year). Plasma adiponectin levels were significantly higher in PWS (15.578.2 mg/ml) than in obese controls (7.572.7 mg/ml). A significant positive correlation was found with insulin sensitivity in PWS subjects (r ¼ 0.75, P ¼ 0.0003) but not in obese controls (r ¼ 0.36, P ¼ 0.20). Discussion: Our study confirmed an earlier observation of higher adiponectin levels in PWS subjects and less insulin resistance proportionate to their obesity status than found in subjects with simple obesity. Furthermore, no differences were seen in PWS subjects with the chromosome 15 deletion or maternal disomy 15. The reported excessive visceral adiposity in subjects with simple obesity compared with PWS may be associated with decreased production and lower circulating levels of adiponectin.
Introduction
Prader-Willi syndrome (PWS) is the most common syndromic cause of marked obesity. 1 It is a congenital disorder characterized by short stature, muscular hypotonia, hypogonadism, mild mental retardation, diminished growth hormone secretion, hyperphagia and obesity which is extremely severe in some cases. [1] [2] [3] Approximately 70%
of PWS cases are due to a paternal deletion on chromosome 15 (15q11-q13 region), 25% of PWS cases have maternal uniparental disomy (UPD) of chromosome 15 and the remaining cases result from genetic imprinting defects. [4] [5] [6] [7] [8] Much interest now revolves around the role of adipose tissue as an endocrine organ, capable of producing hormones and cytokines such as tumor necrosis factor-a, plasminogen activating inhibitor-1, leptin, interleukin-6, resistin and, more recently, adiponectin. [9] [10] [11] [12] Adiponectin is abundant in the circulation of nondiabetic humans, but is decreased in patients with obesity, type 2 diabetes and cardiovascular disease and higher in women than in men. 13 In addition, treatment of obese type 2 diabetics with the peroxisome proliferator-activated receptor, gamma (PPARG) agonist troglitazone was associated with a three-fold increase in circulating adiponectin levels. 13 Thus, adiponectin may play an important role in the links between obesity, insulin resistance, type 2 diabetes and risk of cardiovascular disease.
Despite their adiposity, people with PWS may be at a lower risk to develop diabetes mellitus or the metabolic syndrome than people with simple obesity. 14 Recently, Hoybye et al. 15 reported that serum adiponectin levels were lower in adult PWS subjects compared with lean controls yet higher than in obese subjects. However, a paucity of data exists for adiponectin levels and obesity-related variables in PWS at any age. Hence, we report our experience with plasma adiponectin levels in individuals with PWS with both genetic subtypes (15q11-q13 deletion and maternal disomy 15) and similarly aged subjects with simple obesity and describe the relationship to body composition and obesity-related laboratory measures.
Subjects and methods
All individuals were recruited as part of a larger study on genotype/phenotype relationships and agreed to informed consent. All individuals were examined by a clinical geneticist (MGB) and genetic testing performed accordingly which included chromosome analysis, fluorescence in situ hybridization, DNA methylation and microsatellite studies using DNA probes from the 15q11-q13 region confirming the diagnosis of PWS and the genetic subtypes (deletion or maternal disomy). Nondysmorphic subjects with simple obesity having normal cytogenetic and molecular genetic testing results were recruited for comparison. The subjects had extensive obesity-related measures including insulin, C-peptide, glucose, cortisol, testosterone, estrogen, thyroid and leptin. In total, 20 PWS subjects without diabetes were evaluated for this study including 12 female subjects and eight male subjects (18 Caucasian and two African American; 13 with 15q11-q13 deletion and 7 with maternal disomy 15) with an average age of 27.7710.3 years with an age range of 16.9-48.4 years. In all, 14 nonsyndromic, obese control subjects (11 Caucasian and three African American; eight females and six males) were recruited for comparison with our PWS subjects. The comparison subjects had an average age of 26.9711.4 years with an age range of 15.5-49.3 years. No PWS subject was currently or previously treated with growth hormone nor were any of our PWS or comparison subjects currently or previously treated with insulin or statins for hypercholesterolemia.
Peripheral blood samples were obtained after a 12 h overnight fast, immediately centrifuged and plasma was collected and stored at À701C. Plasma adiponectin was measured in duplicate by a commercial radioimmunoassay kit (Linco Research Inc., St Charles, MO, USA) with an interassay coefficient of variation of 3.9% with no detectable crossreactivity. Plasma insulin was measured by enzyme immunoassay on the Abbott IMX system (Chicago, USA) with an interassay coefficient of variation of less than 5%. There was no measurable crossreactivity with C-peptide or proinsulin. Plasma leptin and C-peptide levels were similarly obtained. Plasma glucose was measured by a glucose oxidase technique using the Vitros DT 6011 System (Ortho-Clinical Diagnostics Inc, Rochester, NY, USA). Insulin sensitivity was calculated as the quantitative insulin sensitivity check index (QUICKI) according to the formula: 1/(log fasting insulin (mU/l) þ log fasting glucose (mg/dl)). 16 Assessment of insulin resistance using the homeostasis model assessment (HOMA) as described elsewhere 17 was calculated using the following formula: HOMA (fasting glucose (mg/dl) Â fasting insulin (mU/ml)/405). Plasma cholesterol and triglyceride levels were measured with the use of a standard multichannel analyzer. Height was measured to the nearest 0.1 cm using a stadiometer. Weight was recorded routinely to the nearest 0.1 kg using a balanced weight scale. Body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters, kg/m 2 . Body composition (fat and lean mass in kg), percent body fat and percent lean mass were determined using total body dual energy X-ray absorptiometry-DEXA (Model DPX, Lunar Corporation, Madison, WI, USA) routinely performed in the radiology department while the subject was in supine position. 18 To determine the degree of obesity and related complications, the criteria for the metabolic syndrome were applied to our subjects. [19] [20] [21] The criteria used to distinguish the metabolic syndrome included waist circumference, fasting plasma lipid and glucose levels and blood pressure measurements. Three of our 34 subjects met the criteria (two PWS females and one obese female). Differences in mean values of continuous variables between PWS and control subjects were compared by Student's t-test. Linear regression and correlation analyses were performed to examine the relationship between plasma adiponectin and other variables in each of the cohorts. Significance of correlations was evaluated using Pearson product moment correlation coefficient. In addition, due to sample size and differences in variances, nonparametric tests were also used to evaluate the data. The Mann-Whitney Utest was used to evaluate differences in mean values and Spearman rank order correlation coefficient was used to evaluate correlations. Parametric and nonparametric analyses were in agreement in identifying significant relationships in the data. Statistical analyses were performed using the SPSS software package, version 11.
The original study protocol complied with Helsinki Declaration guidelines, and was approved by the local institutional review board at Vanderbilt University (previous affiliation for MGB). Permission to analyze stored samples for plasma adiponectin was also approved by the Institutional Review Board of the College of Medicine at the University of Florida, after it had the opportunity of reviewing the ethical approval of the original study. All subjects consented to study participation prior to sample collection.
Results
PWS and obese comparison subjects were matched for age, sex and BMI, as shown in Table 1 . However, percent body fat Adiponectin in Prader-Willi syndrome L Kennedy et al was increased in the PWS individuals compared to the obese subjects, that is, 54.175.9 (mean7s.d.) vs 48.576.3 respectively, Po0.02, with a reciprocal decrease in lean body mass in the PWS subjects. Fasting plasma glucose, leptin, Cpeptide, triglyceride and cholesterol levels were similar in PWS subjects and obese comparison subjects, as shown in Table 2 . However, fasting plasma insulin was significantly higher and the QUICKI index of insulin sensitivity was significantly lower in obese comparison subjects than in PWS subjects. Plasma adiponectin levels were significantly higher in the PWS subjects compared to the control subjects (15.5 and 7.5 mg/ml, P ¼ 0.001, respectively), despite the fact that the PWS subjects had significantly greater percent body fat and lower lean mass. In addition, no significant differences were seen in adiponectin levels in male or female subjects within each subgroup. However, significant differences (Po0.05) in adiponectin levels were observed in female and male subjects between the two subject groups with higher levels in both female and male subjects in the PWS group compared to female and male subjects, respectively, in the obese group.
Fasting plasma adiponectin was significantly positively correlated with insulin sensitivity (QUICKI) in PWS subjects (r ¼ 0.75, P ¼ 0.0003, Figure 1a) but not in obese comparison subjects (r ¼ 0.36, P ¼ 0.20, Figure 1a) . Conversely, insulin resistance (HOMA) was significantly negatively correlated with adiponectin levels in PWS subjects (r ¼ À0.48, P ¼ 0.04, Figure 1b) but not in obese subjects (r ¼ À0.30, P ¼ 0.30, Figure 1b ). In subjects with PWS, but not in obese subjects, plasma adiponectin showed a significant negative correlation with waist-to-hip circumference ratio (r ¼ À0.50, P ¼ 0.03, Figure 2a) . However, adiponectin was not significantly correlated with percent body fat in either PWS or obese comparison subjects (Figure 2b ). For several endocrine and obesity-related measurements, PWS subjects showed a significant negative correlation between fasting plasma adiponectin and fasting plasma: glucose (r ¼ À0.45, P ¼ 0.049); insulin (r ¼ À0.64, P ¼ 0.004); C-peptide (r ¼ À0.55, P ¼ 0.04) and triglyceride (r ¼ À0.52, P ¼ 0.04). A negative association was seen between plasma adiponectin and leptin but not significant for either subject group. Furthermore, no significant differences were seen in adiponectin and other obesity-related variables reported in this study between our PWS-deletion and PWS-UPD subjects (data not shown).
Discussion
Adipose tissue is not only the major source of energy storage, but also secretes hormones and metabolites that regulate energy metabolism and insulin sensitivity. Adiponectin is Insulin sensitivity was calculated as the quantitative insulin sensitivity check index (QUICKI) according to the formula: (1/(log fasting insulin (mU/l)+log fasting glucose (mg/dl)) (Katz et al. 16 )). b Insulin resistance was calculated using the homeostasis model assessment (HOMA, Matthews et al. 17 ) according to the following formula: (fasting glucose (mg/dl) Â fasting insulin (mU/ml)/405).
Adiponectin in Prader-Willi syndrome L Kennedy et al the most abundant adipose specific protein secreted by adipose tissue. Plasma adiponectin is decreased in obese subjects and in type 2 diabetics and is more closely related to insulin sensitivity than to adiposity. Adiponectin levels have been reported to be lower in obese adolescents and positively related to insulin sensitivity in all subjects. 22 Strong inverse relationships have also been found between adiponectin and triglyceride levels in adolescent obesity. 22 Triglyceride and intramyocellular lipid content are significant predictors of adiponectin levels explaining 62% of the variation. 22 Thus, studies in adolescent obesity (non-PWS) have shown that plasma adiponectin levels are reduced and relate to insulin resistance, independent of total body fat and central adiposity. The antidiabetogenic and antiatherogenic properties of adiponectin are evident throughout life but, compromised in youth onset obesity. It was recently reported that adolescents with higher visceral adipose tissue (VAT) had lower adiponectin levels than those with lower VAT. Furthermore, hypoadiponectinemia was strongly correlated with insulin resistance and beta cell dysfunction. 23 Serum adiponectin levels in adults with PWS were recently reported by Hoybye et al. 15 They found that adiponectin levels in PWS subjects were significantly lower than in lean subjects but higher than in obese controls and were independent of anthropometrical parameters such as height, weight or body composition. They also found that correction of growth hormone deficiency in the PWS subjects had no effect on the serum adiponectin levels. Central obesity is the most prevalent of the various abnormalities used to define the metabolic syndrome, the others being hypertriglyceridemia, low HDL-cholesterol, hypertension and raised fasting glucose. 24 Evidence is accumulating that the distribution of fat, for example, visceral vs subcutaneous, is correlated with the propensity Adiponectin in Prader-Willi syndrome L Kennedy et al to develop diabetes. People with obesity and/or the metabolic syndrome have an increased risk for developing diabetes and cardiovascular disease. 20, 21 Increased insulin resistance is an underlying feature of the metabolic syndrome. 19, 25 The obesity associated with PWS would be expected to increase the degree of insulin resistance and along with it, the risk for type 2 diabetes and cardiovascular disease. 26 People with PWS may be less likely to develop diabetes mellitus or the metabolic syndrome than nonsyndromic people with comparable obesity. 14, 27 Although our two groups of subjects (PWS and simple obesity) were matched for BMI, PWS subjects had a greater percentage body fat mass. The obesity in PWS affects both the trunk and the limbs, 28 but a greater proportion of the abdominal fat is localized subcutaneously rather than around the visceral organs. 14, 27 Our results are consistent with the hypothesis that excessive visceral, rather than subcutaneous, adiposity is particularly likely to be associated with decreased production and circulating levels of adiponectin. This could explain why PWS subjects with a greater percentage body fat have higher adiponectin levels, and why, in PWS individuals, there is a significant negative correlation between plasma adiponectin and waist-to-hip ratio, although Hoybye et al. 15 did not report a significant negative correlation between adiponectin levels and waistto-hip ratios in their PWS subjects. The difference in fat distribution may result in increased adiponectin levels in PWS subjects resulting in reduced diabetes mellitus relative to individuals with simple obesity. The role fat distribution plays in maintaining adiponectin levels as well as the precise function of plasma and tissue adiponectin in PWS merits further investigation. Our study further showed that PWS subjects have significantly less insulin resistance proportionate to their obesity than subjects with simple obesity. PWS individuals matched with obese controls for BMI had significantly greater insulin sensitivity as determined by the QUICKI calculation. In addition, plasma adiponectin levels showed positive correlations with insulin sensitivity in both subject groups but significant for only PWS subjects. Adiponectin in Prader-Willi syndrome L Kennedy et al
In conclusion, our study is confirmatory of the higher adiponectin levels in PWS compared with obese subjects reported by Hoybye et al. 15 and further supports the role of adiponectin as protective against metabolic syndrome and complications related to obesity. It is recognized that adiponectin levels are decreased when there is an excess of visceral fat, as in general obesity and type 2 diabetes. It seems likely that the increased adiponectin we observed in our PWS subjects is a reflection of proportionately less visceral adiposity. A qualitative difference in the subcutaneous fat cells between PWS and obese controls might also contribute to the difference in adiponectin between the two groups. Further research is required to identify the mechanism responsible for higher adiponectin levels in PWS.
